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C°) 

BLACKBODY RADIATION SLIDERULE 
Explanation of Scales 

Planck’s expression for spectral radiant flux density into a sur- 
rounding hemisphere in the wavelength interval X to X + dX is 

HX = e hc/\kT_j [W/cm 2 - Mm] 

The corresponding expression for spectral radiant photon density is 

Q x = e hc/\kTl 1 [photons/sec-cm 2 - Mm] 

where* c = 2.997925 x 10 10 cm/sec 
h = 6.6256 x 10" 34 Joule-sec 
k = 1.38054 x 10" 23 Joule/deg-K 

tf 5 to? T 

The three temperature scales, tf, t c , and T give blackbody tempera- 
ture in degrees Fahrenheit, Centigrade, and Kelvin, respectively. 

Xi, x 2 

The wavelength scales, X x and X 2 , give wavelength in the intervals 

.3 < Xi < 30 Mm 
30 < X 2 < 3000 Mm 

on the ENERGY side of the rule, and 

.35 < Xi < 40 Mm 
40 < X 2 < 4000 Mm 

on the PHOTONS side. 

*NBS Misc. Publ. 253, Revised May, 1969 
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The wavenumber scales give wavenumbers in the intervals 

320 < v x < 40000 cm' 1 
32 < v 2 ^ 400 cm" 1 

on the ENERGY side, and 

250 < v x < 30000 cm' 1 
2.5 < p 2 < 300 cm" 1 

on the PHOTONS side. 



the total power radiated by unit area of a blackbody at temperature T. 
The analogous photons scale, Q 0 -oo, gives 



the total number of photons emitted by unit area of a blackbody at 
temperature T in one second. 



The H^ m scale gives the maximum value of the function at a 
given value of T, 




the H 0 _oo scale gives the value of 






27rk 5 (2 1 .20 1 436)T 5 



[W/cm 2 -jUm] 
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with 



Q\n 



27rk 4 (4.77984)T 4 
h 4 c 3 



[photons/sec-cm 2 - jum] 



the analogous maximum of the function Q^. 

H xi /H xm; H X2 /H Xm , Q X i/Q Xm , QxilQxm 

These scales give the value of the indicated ratios for wavelengths 
read on either the Ai or X 2 scales. They are 



( 


' he V 




H\i ' 


x X,kT/ 


i 


TU e hc/\ikT_i 

n \m e 1 


21.201436 


h X2 _ ^ 


( he y 

VX 2 kT/ 


1 


H, e hc/\ 2 kT_i 

n \m e 1 


21.201436 


Qx. _ 1 


fjE-V 

\Xi kT/ 


1 


Q\m e 1 


fic/\ikT_j 


4.77984082 


Q\2 


(—) 


1 


Q\m e 


hc/\2kT_| 


21.201436 


O 

1 

h- * 


Qo-xi 


2-°° 


7 

Hq-oo 


, — j 

Qo— 


9 

Hq-oo 



(dimensionless) 



These scales give the fraction of blackbody power (or photon rate) 
emittance falling in the indicated wavelength interval. For wavelengths 
read from the A x scale, the ratios are 
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where u = 



he 

XkT 



=■ 1 y 

2.404117 

n = l 




(n 2 u 2 + 2nu + 2) 



(dimensionless) 



For convenience, the other integrated quantities are taken from X 2 
to °°: 




(dimensionless) 



V n /\/ RAf 



This scale gives RMS Johnson noise potential per root ohm-hertz, 



This scale gives the energy of a photon having wavelength X m (at 
the maximum of H x ) emitted at temperature T. 



PROBLEM SOLVING WITH THE RADIATION SLIDERULE** 
The Stock Scales 

Quantities which are functions of T alone, H 0 _oo, Qo- 00 , X m , H^ m , 
Q\ m > V n /VRAf, E^ m , can be read directly from the appropriate stock 
scales when the hairline is set to the desired temperature. 

EXAMPLE: Set the hairline to 1000°K on the T scale. Read 
directly beneath it 

Hq-oo = 5.7 W/cm 2 
H\ m = 1.3 W/cm 2 -/im 
V n /VRAf = 2.34 x 10~ 10 V/x/hz^T 
X m = 2.9 jum on the X x scale 

from the ENERGY side of the stock, and the photon quantities 
Qo-oo = 1.52 x 10 20 photons/sec-cm 2 
Q\m = 2.1 x 10 19 photons/sec-cm 2 -/xm 
E Xm = .427 ev 

X m = 3.67 fim on the X x scale 
from the PHOTONS side of the stock. 

**Powers of ten are denoted in Feynman notation on this rule; e.g., 
4E — 8 is equal to 4 x 10" 8 . 




[V/V hz-£2 ] 




E^m = (4.9651 14)kT 



ev 
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The Slide Scales 



Quantities which are functions of both wavelength and temperature, 
Hxi/H Xm , H X2 /H Xm , Q Xl /Q Xm , Q\2 /Qxm , H 0 - X1 /H 0 _, H X2 _/H 0 _, 
Qo-Xl/Qo-~> Q\ 2 -~/Qo-~, can be read from the appropriate slide scale 
when the central TEMPERATURE arrow on the slide is placed below 
the desired temperature, and the hairline is placed over the desired 
wavelength on the Xj or X 2 scale. 

EXAMPLE: Move the slide until the TEMPERATURE arrow is 
directly below 1000°K on the T scale. Set the hairline over 2 fim 
on the Xi (ENERGY side) scale, and read beneath it 

— .68 

H 0 _\ i /H 0 _oo = 6.7 x 1CT 2 

for a blackbody at the given wavelength and temperature. 

Turn the rule over to the PHOTONS side, reset the hairline to 
2 jum on the Xi scale, and read beneath it 

Qxi IQxm = -42 
Qo-\i/Qo-=o = 2.1 x 10" 2 . 

Computing Absolute Bandpass Quantities 

It is possible to compute various absolute quantities for a given 
wavelength interval by means of the relations 
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for long wavelength intervals. The differential forms 
Q^AX 

may be used for small wavelength intervals. The four multiplier scales, 
M(H Xm ), M(Ho-oo), M(Q Xm ), M(Qo_oo), have been included to expedite 
the required multiplications. 



EXAMPLE: Compute the value of associated with tempera- 
ture T = 1500°C and wavelength X = 8.5 jum. 

Move the slide until the TEMPERATURE arrow is directly be- 
neath 1500°C on the t c scale. Then set the hairline over 8.5 jum 
on the X x scale and read the value of H^/H Am , 2.4 x 10" 2 , 
directly beneath it on the scale. Transfer this value 

to the M(H Xm ) multiplier scale by resetting the hairline, and read 

= .54 W/cm 2 -jum 
beneath it on the H Xm sca i e 



EXAMPLE: Compute H 0 _\ for a temperature of 350°F and wave- 
length of 20 jum. 

First compute the value of 



as before. Transfer this value to the M(H 0 _oo) scale by resetting 
the hairline; read beneath it 

H 0 _m = .21 W/cm 2 
on the H 0 _oo scale. 



Extending the Range of a Scale 

The stock scales may be used with higher or lower values of tempera- 
ture than those represented on the rule. Simply multiply the desired 
(absolute) temperature by 10 raised to a convenient power, so that the 
new temperature appears on the T scale. Solve the problem using this 
new value of T, then multiply the result by the appropriate factor as 
listed in Table 1. 
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Table 1 



If T is multiplied by 


multiply the value of 


by a factor of 


l(T n 


Ho-. 


10 4n 


10~ n 


Qo-oo 


10 3n 


10‘ n 


H\m 


10 5n 


10" n 


Qxm 


10 4n 


10~ n 


V n/\/RAf 


lO^ 2 


l(T n 




10 n 



NOTE: Without recourse to Table 1, it is possible to deduce the 
required factor by inspection of the scale itself. For example, if T is 
reduced by a factor of ten [in going from 1000°K to 100°K, say] the 
value of Qo-oo evidently decreases by a factor of 10 3 [1.52 x 10 20 to 
1.52 xlO 17 ]. Thus, an additional ten-fold temperature reduction to 
10°K would give Q 0 _oo = 1.52 x 10 14 photons/sec-cm 2 . 

A similar extension procedure can be used with each of the stock 
scales. 

EXAMPLE: Find Q 0 _oo for a blackbody at a temperature of 
T = 20,000°K. Using the Q 0 _oo scale, solve the problem for 
T = 2,000°K (20,000°K x 10' 1 ). The result is 1.22 x 10 21 
photons/sec-cm 2 . Now multiply this number by a factor of 
10 3n = 10 3 to give 

Qo-oo = 1.22 x 10 24 photons/sec-cm 2 . 

The slide scales can also be used over an extended range of tempera- 
ture and wavelength. Select new, convenient values of X and T such 
that the product XT is the same as for the original problem. The result 
obtained in this way will be correct without modification. 

EXAMPLE: Find H x /H Xm f or T = 15,000°K and X = .25 jum. 
In this case, the product XT will be unchanged if the problem is 
solved for T = 1,500°K and X = 2.5 fim. Using the H X ilH Xm anc [ 
T scales, the result is 

— -=.s 6 

kl\m 

for the desired temperature and wavelength. 

NOTE: If absolute quantities are subsequently to be derived by 
means of the slide multiplier scales, it is necessary to modify the results 
obtained according to Table 1. 
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Sample Problems 

fcf. appendix for more detailed solutions) 



1 . How much radiant power is emitted by a 1 .0 square cm. Piece 
of firebrick at 1,000°C? The total emissivity of firebrick at this tem- 
perature is .75. 

Solution: 



using the t c , H 0 _oo, and M(Ho_oo) scales. 

2. What is the RMS Johnson noise potential developed across a 
10,000 12 resistor at a temperature of 175°F in a 1-hz bandwidth? 

Solution: 



using the tf and V n /\/RAf scales. 

3. How much radiant power is emitted by 1.0 square centimeter of 
a tungsten rod at a temperature of 2,800°K in the wavelength interval 
.7 < X < .75 jum? The emissivity of tungsten in this interval is .42. 

Solution: 



P = eHo^ 

= (.75X15) W/cm 2 
= 11 W/cm 2 




for 175°F 



V n = (1.39 X 10" 10 ) • ^=L=- • VI 0,000ft • 1 hz 



= 1.39 x 10' 8 V 



AH = e dX for T = 2,800°K 




= (.42) 
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